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This paper investigates the impact of environmental constraints on efficiency of Bangladeshi rice (AUS, AMAN and 
BORO) using data from year 1989 to year 2008. Constant Returns to Scale (CRS) and Variable Returns to Scale (VRS) 
Data Envelopment Analysis (DEA) efficiency scores indicate technical efficiencies. The results show that technical 
efficiency (TE) of AUS in both CRS and VRS DEA is lowest in 2004. But for AMAN and BORO in case of CRS DEA, TE is 
lowest in 1998 and 1992. We applied a Tobit model to evaluate the effects of environmental constraints on 
technical efficiencies. We regressed TE of AUS, AMAN and BORO with environmental constraints Rainfall, humidity 
and temperature to weigh up the impact on TE. For AUS and AMAN, humidity is found positive and significant 
whereas rainfall and temperature are observed negative but not significant. For BORO, humidity and rainfall are 
recorded positive effect but temperature is found to be negative.  
Field of Research:  DEA, Tobit model, Environmental-constraints, Technical Efficiency, Bangladesh. 
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1. INTRODUCTION 
Bangladesh economy is an agriculture based economy. Rice sector contributes one-half of the agricultural GDP and 
one-sixth of the national income in Bangladesh. Rice is the staple food of Bangladesh. 48% of rural employment is 
provided by rice. About two-third of total calorie supply and about one-half of the total protein intakes of an 
average person in the country is also from rice.  It also accounts for 94% of the total crops produced (Bangladesh 
Economic Review, 2009) and 76.62% 0f the cropped area (BBS, 2006). Bangladesh produces three different types 
of rice: AUS rice, AMAN rice and BORO rice. These three rice crops are grown all along the year. The first two are 
traditional, rain-fed crops, whereas the BORO crop is the High Yield Variety (HYV) (Bäckman et al 2011). Fig 1 and 
Fig 2 present the production of rice and area used for rice production respectively. Production of AUS is constant 
but increase for BORO and AMAN. The cultivation area of AMAN is almost constant in the all years but that of AUS 
is gradually decrease whereas increase for BORO. 
Most studies consider the three different types of rice as one crop, for example, Wadud and White [5] compared 
the efficiency of Stochastic Frontier Analysis (SFA) and Data Envelopment Analysis (DEA) of rice farm household in 
Bangladesh. Haider et al (2011) measure the technical efficiency of farm of southern part of Bangladesh using SFA. 
Bäckman et al (2011) measures the determinate of technical efficiency of Rice farms of Northern side of 
Bangladesh using SFA. They used multi stage random sampling to collect data from twelve villages. 
Kontodimopoulos et al (2010) used Tobit regression to regressed technical efficiency of SFA and DEA against the 
environmental factors. Sharif and Dar (1996), Banik (1994), Wadud and White (2000); all of these studies focused 
only at technical efficiency of rice but Hossain (1989) looked at price efficiency of rice.  Coelli et al (2002) explained 
variations in efficiencies between farms using Tobit regression. Tıṗï et al (2009) determined the technical efficiency 
of rice farms in Turkey and then regressed on explanatory variables to find out inefficiency factors using Tobit 
regression. Gul et al (2009) estimated technical efficiency and their determinates using DEA and Tobit regression of 
cotton growing farms of Turkey. Long and Yabe (2011) included the environmental factors to estimate the 
productivity and technical efficiency of rice production in order to minimize the biased estimation. They also 
estimated the effects of each environmental factor to rice yield. Begum et al (2009) measured the efficiency of 
poultry farms of Bangladesh and regressed the efficiency by human capital variables and farming systems using 
Tobit regression. Islam et al (2011) determined the technical efficiency of microfinance borrowers and non-
borrowers in rice farming in Bangladesh. They explained technical efficiency by demographic and socio-economic 
variables. Sarker et al (2012) explored the relationship between climate changes (Rainfall, Temperature change) 
and rice yield in Bangladesh with time series analysis. The novelty of this study is to use tobit regression in 
efficiency of three different types of Bangladeshi rice with environmental variables.  
In this paper, we measure technical efficiency of different types of rice as well as we try to assess the impact of 
environmental factors on technical efficiency. We use Tobit regression model to measure influence of 
environmental factors on efficiency. 
2. METHODOLOGY 
2.1 Analytical framework of CRS-DEA  
In order to measure technical efficiency, constant return to scale Charnes, Cooper, and Rhodes (1978) data 
envelopment analysis model is defined as follows:  
iMax 
 ,
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where 0ix  is the input and 0iy is the output for i-th firm. 0i  is represent intensity of variable. And the 
problem is solved n times. n is the number of firm. 
 
2.2 Analytical framework of VRS-DEA  
 
Again, for technical efficiency according to variable return to scale, we use Banker, Charnes and Cooper (1984) 
models. BCC model has an extra constraint   
n
i i1
1 with the CCR model. 
iMax 
 ,
                                            



















2.3 Tobit Regression Model: 
 
After measure the relative efficiencies, the determinants of the DEA efficiency scores can be investigated. The 
dependent variable “Efficiency” is a limited dependent variable because the DEA score lies in the interval 0 and 1. 
Therefore, it is appropriate to use the Tobit regression which is a censored regression model. The Tobit model may 
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Where y is the DEA efficiency score 
 
y* is the unobserved variable 
ß  is the parameter to determines the relationship between independent and dependent variable. 
xi  is the explanatory variables. 
 
2.4 Data: 
The Agriculture branch of Bangladesh Bureau of Statistics (BBS) is responsible for collecting, compiling, and 
disseminating crop statistics and other agriculture-related data. Additionally, secondary data from other 
organizations are also included in the year book. Information about the three types of rice are generally available, 
such AUS, AMAN and BORO in “The Yearbook of Agriculture Statistics, Bangladesh”. The dependent variable is 
production of rice, and independent variables are the area, amount of seed, and amount of fertilizer for each type 
of rice collected from Yearbook 2009. For this study, we consider 20-year period from 1989 to 2008. To the best of 
our knowledge, it is the only existing comprehensive farm level data set available for the three types of 
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2.4.1 Output variable 
Production: Among the three types of rice, BORO is the most important in Bangladesh because of its huge 
production. The favourable weather condition, electricity management, and stable market price helped the 
farmers to bring more area under the BORO crop in Bangladesh. Total BORO production has been estimated in 
thousand metric tons. Estimation of BORO production includes all the general varieties such as the local BORO and 
the hybrid BORO. Total production of Aus has been estimated in thousand metric tons. Varieties of Aus are local 
AUS and hybrid AUS, which are included in the data set. In case of AMAN production, we include the amount of 
broadcast AMAN, local transplant AMAN, and HYV AMAN in the data set. 
2.4.2 Input Variables 
Area: The total areas of BORO, AUS and AMAN rice have been estimated in thousand hectares. In this research, we 
considered using the land of all varieties of each crop as area. 
Seed: Seed is a very important input to increase rice production. Therefore, it is very much required that the 
farmers must use pure, healthy seeds as per the minimum certification standards, which have standard 
percentage. In fact, the seed is the foundation of farming. Highly good-quality seeds are those that have genetic 
purity, physical purity, health standards, and moisture percentage in accordance with the minimum seed 
certification standards. If the seed is of bad or low quality/sub standard, then the labor and other expenses, which 
the farmer does, are in vain. For this study, we measured the amount of seed in thousand metric tons. Amount of 
improved seed for each crop is separately given in the Year Book of Agriculture.  
Fertilizer: Fertilizer is kingpin in enhancing crop production. No country has been able to increase agricultural 
productivity without expanding the use of chemical industry. Fertilizer application mainly depends on soil type, 
growing season, irrigation applications, and cultivars used. Demand for fertilizer is also affected by agro climatic 
conditions. High yielding varieties of rice are highly responsive and need adequate supply of fertilizer to achieve 
targeted production. Urea (nitrogen), Muriate of Potash (MOP), and Triple Supper Phosphate (TSP) are the major 
fertilizers, which were applied in agricultural land in various proportions for rice production in Bangladesh. Type of 
fertilizer depends on the type of rice; for the limitation of methodology, we combine all the types of fertilizer 
quantity together with same unit (‘000 MT) 
2.4.3 Environmental Variables 
Environmental variables are collected from the the Bangladesh Meteorological Department (BMD). Bangladesh has 
six different seasons. Amount of Rainfall, Humidity and Temperature differ from season to season as well as area 
to area of Bangladesh. These environmental variables play vital roll in the production of rice. 
Rainfall: Rainfall is calculated by millimetre (mm). The annual rainfall is about 1600 mm. Most of the rainfalls occur 
during the rainy season (June to Sept) and in winter (Nov-Feb) very few amount of rainfall happened in 
Bangladesh. Here we calculate rainfall by sum all the months of cultivation of AUS, AMAN and BORO. 
Humidity: Humidity is an influential factor for production of rice. That is humidity has direct effect on efficiency of 
rice production.  In Bangladesh, humidity is highest in rainy season and lowest in winter. 
Temperature: Temperature is measured in Celsius Temperature in summer varies from 300C to 400C. Average 
temperature is highest in April, almost 350C.  January is the coldest month; average temperature is about 150C.  




INTERNATIONAL CONFERENCE ON MANAGEMENT, ECONOMICS 
AND FINANCE (ICMEF 2012) PROCEEDING 
 
15th - 16th OCTOBER 2012.  HILTON HOTEL,  KUCHING,  SARAWAK,  MALAYSIA 
ISBN: 978-967-5705-09-0.   WEBSITE:  w w w . g l o b a l r e s e a r c h . c o m . m y  
 
3. RESULTS AND DISCUSSION 
Year wise technical efficiency of AUS, AMAN and BORO are presented into Table 1, Table 2 and Table 3 
respectively. AUS is technically efficient in 11 years according to VRS whereas efficient in 6 years according to CRS 
out of 20 years. Scale efficiency is 1 for 7 years that is in these 7 years CRS and VRS efficiencies are same. VRS has 
two kinds: a) increasing return to scale and b) decreasing return to scale. Technical efficiency of 12 years from VRS 
is indicating increasing return to scale. AMAN is technically efficient in 12 years according to VRS whereas efficient 
in 6 years according to CRS out of 20 years. Scale efficiency is 1 for 6 years that is in these 6 years CRS and VRS 
efficiencies are same. Technical efficiency of 9 years from VRS is indicating increasing return to scale. BORO is 
technically efficient in 9 years according to VRS whereas efficient in 6 years according to CRS out of 20 years. Scale 
efficiency is 1 for 7 years that is in these 6 years CRS and VRS efficiencies are same. Technical efficiency of 9 years 
from VRS is indicating increasing return to scale.  According to average technical efficiency the minimum average is 
for AMAN and maximum is for BORO in VRS. This result is supported by Hossain et al (2012). CRS shows that AUS 
has the maximum average technical efficiency.  Table 4 is to show the minimum efficiencies of AUS, AMAN and 
BORO in the study period. AUS and AMAN shows their minimum efficiency of CRS and VRS in same year but it is in 
different year for BORO. 
Table 5, Table 6 and Table 7 present the Tobit regression result for the technical efficiency of AUS, AMAN and 
BORO respectively. Rainfall and Temperature has a negative but not significant impact on the technical efficiency 
of AUS but Humidity has a positive significant on that. Sarker etal (2012) found a significant positive effect of 
rainfall on yield of AUS and AMAN but BORO has positive but insignificant effect. They calculated temperature as 
maximum temperature and minimum temperature.  Minimum temperature has negative but maximum 
temperature has positive impact on yield of AUS, AMAN and BORO. Humidity is significant at 5% level of 
significance. That is because of humidity increase the technical efficiency will also be increase. Both Constant 
Return to Scale and Variable Return to Scale show same results. Humidity has a positive and significant (at 1% and 
10% level) impact on technical efficiency from CRS and VRS of AMAN.  Technical efficiency is influenced by rainfall 
and temperature negatively. In CRS, these influences are significant at 1% and 10% respectively but in VRS, these 
are insignificant. Technical efficiency of Boro is influence by rainfall and humidity positively. Rainfall is not 
significant but humidity is significant at 5% and 1% level of significance in Constant Return to Scale and Variable 
Return to Scale respectively. Temperature has a negative insignificant effect on Technical efficiency of BORO.  
4. CONCLUSION 
BORO is more efficient than AUS and AMAN. Temperature is a cause for less efficiency of all kinds of rice. Rainfall 
has negative impact on AUS and AMAN but it is influence to increase efficiency of BORO. Humidity has a positive 
influence on efficiency of all rice. To increase rice production, need to improve the efficiency of AUS more.  This 
study has so many limitations such as for rice production we only consider area, seed and fertilizer. There is many 
others input do not consider. For environmental variables, we take average of all the production period. In future 
research we can split the variables in three as sewing time, growing time and harvest time.     
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Table 1: Year wise Technical Efficiency of AUS Rice 
Year 
Technical Efficiency 
Scale Efficiency Indicator of VRS 
Constant Return to Scale Variable Return to Scale 
1989 1.000 1.000 1.000 - 
1990 1.000 1.000 1.000 - 
1991 0.975 0.995 0.979 drs 
1992 1.000 1.000 1.000 - 
1993 0.961 1.000 0.961 irs 
1994 0.898 0.933 0.963 irs 
1995 0.840 0.846 0.993 irs 
1996 0.982 1.000 0.982 irs 
1997 0.938 1.000 0.938 irs 
1998 0.855 1.000 0.855 irs 
1999 0.894 0.896 0.998 irs 
2000 1.000 1.000 1.000 - 
2001 1.000 1.000 1.000 - 
2002 0.965 0.969 0.996 drs 
2003 0.954 0.960 0.993 drs 
2004 0.823 0.849 0.970 irs 
2005 0.949 0.959 0.990 irs 
2006 0.939 1.000 0.939 irs 
2007 0.923 0.983 0.938 irs 
2008 1.000 1.000 1.000 - 
Average 0.9448 0.9695 0.9748  
 
Table 2: Year-wise Technical Efficiency of AMAN 
Year 
Technical Efficiency 
Scale Efficiency Indicator of VRS 
Constant Return to Scale Variable Return to Scale 
1989 0.996 1.000 0.996 irs 
1990 1.000 1.000 1.000 - 
1991 1.000 1.000 1.000 - 
1992 1.000 1.000 1.000 - 
1993 0.967 0.968 0.999 drs 
1994 0.875 0.923 0.948 irs 
1995 0.810 0.827 0.979 irs 
1996 0.839 0.845 0.993 drs 
1997 0.827 0.835 0.991 drs 
1998 0.776 1.000 0.776 irs 
1999 0.904 0.906 0.997 drs 
2000 1.000 1.000 1.000 - 
2001 0.952 0.970 0.982 irs 
2002 0.966 0.967 0.999 drs 
2003 1.000 1.000 1.000 - 
2004 0.901 1.000 0.901 irs 
2005 0.961 1.000 0.961 irs 
2006 0.992 1.000 0.992 irs 
2007 0.906 1.000 0.906 irs 
2008 1.000 1.000 1.000 - 
Average 0.9336 0.9621 0.971  
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Table 3: Year-wise Technical Efficiency of BORO 
Year 
Technical Efficiency 
Scale Efficiency Indicator of VRS 
Constant Return to Scale Variable Return to Scale 
1989 1 1 1 - 
1990 0.983 1 0.983 irs 
1991 0.954 0.991 0.963 irs 
1992 0.770 0.965 0.798 irs 
1993 0.977 1.000 0.977 irs 
1994 0.808 0.894 0.904 irs 
1995 0.816 0.908 0.899 irs 
1996 0.899 0.943 0.953 irs 
1997 0.893 0.980 0.911 irs 
1998 1.000 1.000 1.000 - 
1999 0.955 0.963 0.991 irs 
2000 1.000 1.000 1.000 - 
2001 0.956 0.963 0.993 irs 
2002 0.999 1.000 0.999 drs 
2003 0.979 0.979 1.000 - 
2004 1.000 1.000 1.000 - 
2005 0.913 0.944 0.968 irs 
2006 0.921 0.948 0.972 irs 
2007 1.000 1.000 1.000 - 
2008 1.000 1.000 1.000 - 
Average 0.9412 0.9739 0.9656  
 
Table 4: Minimum Efficiency of Rice 
Rice Constant Return to Scale Variable Return to Scale 
AUS 0.840 0.846 
AMAN 0.810 0.827 
BORO 0.770 0.894 
 
Table 5: Parameter estimation for AUS using Tobit regression 
Coefficient Constant Return to Scale Variable Return to Scale 
 Estimate Std Error Estimate Std Error 
Rainfall -0.00127 0.00078 -0.00122 .001 
Humidity 0.02343** 0.01146 0.03777** 0.01503 
Temperature -0.02 0.02615 -0.05587 0.03429 
Scale 0.06893*** 0.20184 0.07651*** 0.25936 
***,** and * indicates the 1%, 5% and 10% level of significance. 
 
Table 6: Parameter estimation for AMAN using Tobit regression 
Coefficient Constant Return to Scale Variable Return to Scale 
 Estimate Std Error Estimate Std Error 
Rainfall -0.00224*** 0.00085 -0.00066 0.00128 
Humidity 0.0418*** 0.0144 0.03881* 0.02054 
Temperature -0.07157* 0.0373 -0.06983 0.05321 
Scale 0.07709*** 0.19805 0.1058*** 0.2854 
 
Table 7: Parameter estimation for BORO using Tobit regression 
Coefficient Constant Return to Scale Variable Return to Scale 
 Estimate Std Error Estimate Std Error 
Rainfall 0.00035 0.00079 0.00005 0.00039 
Humidity 0.01811** 0.00903 0.01817*** 0.00453 
Temperature -0.01663 0.02209 -0.01436 0.01116 
Scale 0.08017*** 0.20336 0.03784*** 0.234 
 
